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ABSTRACT

Objective: To compare the effectiveness of aza-
thioprine (AZA) and cyclosporine (CsA) as ini-
tial treatments for patients with idiopathic
inflammatory myopathies (IIM).

Methods: A retrospective cohort study was
conducted using information from the National
Health Insurance Service database of Republic
of Korea. Patients with IIM who had started AZA
or CsA as initial treatment between January
2007 and December 2011 were selected for the
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study. They were followed from the day of
treatment initiation to the occurrence of study
outcomes or the end of the study until
December 2016. Effectiveness outcomes,
defined as switching the drug or adding
immunosuppressants, and discontinuation of
corticosteroids, were compared between the two
groups. The Cox proportional-hazards model
was used to calculate the adjusted relative risk
(aRR) with 95% confidence interval (CI)
between the AZA and CsA groups.

Results: A total of 376 patients with incident
IIM who used AZA (n = 288) or CsA (n = 88)
were identified. The aRR of switching the drug
or adding immunosuppressants (1.45 [95% CI
0.99-2.11]) was not significantly different
between the CsA and AZA groups. Among
patients who were treated with corticosteroids
at baseline, the rate of discontinuation of cor-
ticosteroids was not different between the two
groups (1.69 [95% CI 0.82-3.47]).

Conclusions: The effectiveness of AZA and CsA
as initial treatments for the management of [IM
was comparable.
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Key Summary Points

Why carry out this study?

Treatment strategy of idiopathic
inflammatory myopathies (IIM) includes
corticosteroids as the first-line therapy
and additional therapy with
immunosuppressive agents. However, as
IIM is a rare disease associated with
clinical heterogeneity, randomized
controlled trials (RCTs) and real-world
evidence comparing effectiveness of
immunosuppressive agents are lacking.

This study aimed to investigate the
comparative effectiveness of azathioprine
and cyclosporine as initial
immunosuppressive agents in patients
with IIM.

What was learned from the study?

No difference was observed between
azathioprine and cyclosporine with
respect to frequency of switching the drug
or adding other immunosuppressants,
and the rate of discontinuation of
corticosteroids.

This is the first study based on
comparative effectiveness of azathioprine
and cyclosporine as initial treatment in
patients with IIM. This comparative
effectiveness study, which is based on real-
world data, would provide evidence for
the selection of initial
immunosuppressive therapy.

INTRODUCTION

Idiopathic inflammatory myopathies (IIM) is a
heterogeneous group of systemic inflammatory
diseases characterized by chronic inflammation
of the proximal muscles and involvement of
multiple organs and organ systems such as the
lung, skin, joints, and gastrointestinal tract.

Based on muscle symptoms, skin rash, and
histopathological features, IIM has been cate-
gorized into different subgroups, including
dermatomyositis (DM), polymyositis (PM), and
inclusion body myositis (IBM) [1]. Despite being
a rare disease with prevalence from 2.3 to 33.8/
100,000 persons [2, 3], many patients with IIM
have high risks of mortality and morbidities,
such as malignancy and circulatory or pul-
monary diseases [2, 4].

Treatment strategy of IIM includes corticos-
teroids as the first-line therapy and additional
therapy with immunosuppressive agents such
as methotrexate (MTX), azathioprine (AZA),
and calcineurin inhibitors, including cyclos-
porine-A (CsA) and tacrolimus [5-7]. In addi-
tion, various studies have reported the
effectiveness of mycophenolate mofetil (MMF)
in patients with IIM, particularly in those with
interstitial lung disease (ILD) [8, 9]. In patients
with severe myositis, overlapping systemic vas-
culitis, or disease refractory to other immuno-
suppressants, cyclophosphamide can be
administered [10]. Among several immunosup-
pressants, AZA and CsA, combined with corti-
costeroids or MTX, have been suggested as
initial immunosuppressive agents [7]. A previ-
ous randomized trial of initial treatment with
AZA, combined with a corticosteroid, reported
improved effectiveness compared with corti-
costeroid alone, with respect to tapered dose of
corticosteroid for maintenance therapy and
long-term physical functions in patients
[11, 12]. Since calcineurin inhibitors inhibit
T-cell activation and reduce activity of the gene
encoding interleukin-2, CsA with corticosteroid
has been shown to be effective in the treatment
of patients with ILD related to IIM [13, 14],
which is a highly prevalent comorbid condition
in IIM [2, 15, 16]. As it is a rare disease associ-
ated with clinical heterogeneity [17], random-
ized controlled trials (RCTs) and real-world
evidence comparing AZA and CsA as initial
immunosuppressive agents in patients with I[IM
are lacking.

Therefore, the present study aimed to inves-
tigate the comparative effectiveness of AZA and
CsA as initial immunosuppressive agents in
patients with IIM and present their subsequent
treatment.
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METHODS

Data Source

We conducted a retrospective cohort study of
new users of AZA or CsA among patients with
IIM, using information from the National
Health Insurance Service (NHIS) database of
Republic of Korea, between January 2002 and
December 2016. The NHIS database covers
healthcare claims for 97% of the Korean popu-
lation and contains information on demo-
graphics, healthcare use, diagnoses coded using
the International Classification of Diseases
(ICD-10), ambulatory care, hospital admissions
and visiting dates, and date of death.

Study Population

First, patients with I[IM were selected based on
the ICD-10 codes for juvenile DM (JDM, M33.0),
DM (M33.1 or M33.9), or PM (M33.2), and
Individual Copayment Beneficiaries Program
(ICBP) code for IIM (V137), between January
2007 and December 2011. The Korean patients
who suffer from rare diseases have been regis-
tered to the ICBP to reduce their burden of
medical expenses [18]. Patients with IIM are
registered in the ICBP after meeting the diag-
nostic criteria proposed by Bohan and Peter
[19, 20], which include comprehensive clinical

patients with IIM as JDM, DM, or PM according
to the ICD-10 diagnostic codes registered to the
ICBP. Second, we set a 2-year washout period to
extract true incident cases of IIM. Patients who
did not use AZA or CsA were excluded. The first
date of prescription of AZA or CsA after the
diagnosis of IIM was defined as the index date.
Third, after selecting the first users of AZA or
CsA, they were followed up from the index date
to the occurrence of study outcomes, the dis-
continuation of the study until December 31,
2016. The persistence of the study drugs in the
database was defined if the subsequent pre-
scription was started within 30 days of the end
date of the previous prescription (Fig. 1).

Study Outcomes

We set the primary endpoint for estimation of
effectiveness as switching drugs or adding
immunosuppressants. Switching from CsA to
AZA or vice versa, and switching to other
immunosuppressants such as MMF or
cyclophosphamide were considered as primary
endpoints, since the patient did not adequately
respond to the study drug as an initial treat-
ment. Adding immunosuppressants was defined
as addition of other immunosuppressants to the
initial treatment that had not been prescribed at
the index date.

Discontinuation of corticosteroids was set as
the secondary endpoint of our study for the

and laboratory findings. We categorized
¥ & & patients  who had  been prescribed
Covariate assessment period Outcome assessment period
| |
\ J\
{ 12 months \ { \1
Follow-up

Inception period (Jan 2007~Dec 2011)

T

First diagnosis of IIM Index date

15t Rx of CsA or AZA

T

Censor at end of study period
(31 Dec, 2016),
drug discontinuation,
outcome occurrence,
or death

Fig. 1 Schematic diagram of the cohort study design for cyclosporine vs. azathioprine treatment for idiopathic

inflammatory myopathy
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corticosteroids at the index date. Since corti-
costeroid could be used on an ’as-needed’ basis,
we applied a permissible gap of 180 days to
assess the patients who discontinued corticos-
teroid use completely.

We also studied safety outcomes including
hospitalization (all-cause or IIM-related), emer-
gency visits (all-cause or [IM-related), all-cause
mortality, and opportunistic infections. As
opportunistic infections, we included tubercu-
losis, deep-seated mycosis, pneumocystosis,
viral infections, and retropharyngeal abscess.

Covariates

Covariates in the present study included age,
sex, and type of insurance, related data of which
were collected on the index date, and the his-
tory of healthcare utilization, previous medica-
tion use, and comorbidities; related data were
collected for a period of 1 year prior to the index
date. We collected information on individual
diseases in the FElixhauser comorbidity index
[21] and IIM-related comorbidities such as ILD,
pneumothorax, and pneumomediastinum
using diagnostic codes. The prednisolone-
equivalent dose of corticosteroid per day was
calculated during the first month from the
index date.

Statistical Analysis

A descriptive analysis of patient demographics
and clinical characteristics was performed.
Comparisons of categorical and continuous
variables between the two groups were con-
ducted using the Chi-square test and Student’s
t test. Crude incidence rates were calculated as
the number of events per 100 person-years (PY)
for each outcome. The adjusted relative risk
(aRR) with 95% confidence intervals (CIs) for
outcomes in the CsA group compared with
those in the AZA group was calculated using the
Cox proportional-hazards model adjusted for
age, sex, type of IIM, history of previous medi-
cation use, and comorbidities. We used the
Fine-Gray model to account for the competing
risk of death [22].

Statistical significance was set at P < 0.05.
Statistical analysis was performed using the SAS
software (version 9.4; SAS Institute).

Compliance with Ethics Guidelines

This study protocol was reviewed by the Insti-
tutional Review Board (IRB) of Hanyang
University Medical Center and was approved as
‘exempt’ from the IRB (IRB number: HYUH
2017-09-009). Informed consent was waived
because the database was de-identified and
opened to the public.

RESULTS

Baseline Characteristics

We identified total 1072 patients with incident
IIM between January 2007 and December 2011.
Among them, a total of 376 patients received
either AZA (n = 288) or CsA (n = 88) as initial
immunosuppressant treatment for IIM (Fig. 2).
Baseline characteristics of the study population
are shown in Table 1. CsA users were younger
than AZA users (mean age: 50.54 years in the
AZA group vs. 42.52 years in the CsA group,
P < 0.01), and the proportion of patients with
DM and JDM was higher among CsA users than
among AZA users (DM: 56.82 vs. 46.88% and
JDM: 12.50 vs. 1.74%, respectively, P < 0.01).
While the Elixhauser comorbidity score was
lower in the CsA group than in the AZA group
(5.99 vs. 8.27, respectively, P = 0.01), the pro-
portion of patients with pneumomediastinum
was higher among CsA users (3.41 vs. 0.35%,
respectively, P = 0.04). Although the proportion
of patients with ILD was numerically higher in
the CsA group than in the AZA group, the dif-
ference was not statistically significant (26.14
vs. 23.26%, respectively, P = 0.58).

Furthermore, MTX was more frequently
prescribed at the index date as combined treat-
ment in CsA users than in AZA users (23.86 vs.
9.38%, respectively, P < 0.01). However, intra-
venous cyclophosphamide therapy at baseline
did not differ between the two groups (3.41 vs.
1.39%, respectively, P = 0.14).
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Fig. 2 Treatment pattern in patients with idiopathic inflammatory myopathy

Comparative Effectiveness of AZA and CsA

The observation periods for the two groups were
similar (mean 1.75 years in the AZA group vs.
1.42 years in the CsA group, P =0.19). More-
over, most patients started AZA or CsA 1 month
after diagnosis of IIM (median 35.5 days in the
AZA group vs. 33.0days in the CsA group,
P =0.18).

In the AZA group, 32.3% of patients swit-
ched the drug or added other immunosuppres-
sants, compared with 54.5% patients in the CsA
group. However, the aRR of switching the drug
or adding immunosuppressants did not differ
between the two groups (aRR 1.45; 95% CI
0.995-2.107) (Table 2). In total, 150 AZA users
and 54 CsA users were prescribed corticosteroids
on the index date. In the AZA group, 40.7% of
patients discontinued corticosteroid, compared
with 37.4% of patients in the CsA group. How-
ever, the number of cases of corticosteroid dis-
continuation did not differ significantly
between the two groups (aRR 1.69; 95% CI
0.82-3.47) (Table 3).

The risk of all-cause hospitalization was
higher among CsA users than AZA users (aRR
1.36; 95% CI 1.04-1.79). However, the risks of
IM-related hospitalization, all-cause or IIM-

related emergency visits, all-cause mortality, or
opportunistic infections were not significantly
different (Supplementary Table).

Subsequent Treatment to Initial
Immunosuppressant Treatment

In the AZA group, 48.6% of the patients con-
tinued the initial treatment, compared with
31.8% in the CsA group. Among patients who
did not respond to the initial treatment
(n = 208), approximately 83% either switched
drugs or added another immunosuppressant.
Switching from AZA to CsA (16.2%) and vice
versa (16.7%) were equally frequent. The fre-
quencies of switching or adding another
immunosuppressant were also similar in the
two groups (83.8% in the AZA group and 83.3%
in the CsA group). Intravenous cyclophos-
phamide was administered to 8.8% of patients
in the AZA group and 11.7% in the CsA group
(Fig. 2).

DISCUSSION

Clinical practice guidelines (CPGs) proposed on
the management of IIM are sparse and
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Table 1 Baseline characteristics of the azathioprine and cyclosporine groups

Azathioprine users Cyclosporine users r

(n = 288) (n = 88)

Observation period (years), mean (SD), median (min, 1.75 (2.19), 0.67 (0, 9.53)  1.42 (1.88), 0.50 (0, 9.14) 0.19

max)

Age, mean (SD) 50.54 (14.67) 42,52 (16.99) <001
Female, 7 (%) 200 (69.44) 60 (68.18) 0.82
IIM type, 7 (%)
Dermatomyositis 135 (46.88) 50 (56.82) <001
Polymyositis 148 (51.39) 27 (30.68)
Juvenile dermatomyositis 5 (1.74) 11 (12.50)
[IM-related comorbidities®, 7 (%)
Interstitial lung disease 67 (23.26) 23 (26.14) 0.58
Pneumothorax 5 (1.74) 2 (227) 0.67
Pneumomediastinum 1 (0.35) 3 (3.41) 0.04
Comorbidities®, 7 (%)
Elixhauser score, mean (SD) 8.27 (7.83) 5.99 (6.54) 0.01
Chronic pulmonary disease 114 (39.58) 40 (45.45) 0.33
Hypertension, complicated 100 (34.72) 23 (26.14) 0.13
Diabetes, uncomplicated 61 (21.18) 18 (20.45) 0.88
Diabetes, complicated 40 (13.89) 5 (5.68) 0.04
Liver disease 129 (44.79) 26 (29.55) 0.01
Peptic ulcer disease 105 (36.46) 26 (29.55) 0.23
Hypothyroidism 22 (7.64) 8 (9.09) 0.66
Solid tumor without metastasis 23 (7.99) 7 (7.95) 0.99
Deficiency anemia 41 (14.24) 15 (17.05) 0.52
Depression 36 (12.50) 10 (11.36) 0.78
Previous medication use®, 7 (%)
Methotrexate 39 (13.54) 28 (31.82) < 0.01
IV cyclophosphamide 8 (2.78) 5 (5.68) 0.19
Any prior use of corticosteroids 228 (79.17) 72 (81.82) 0.59
Co-medications at index date; 7 (%)
Methotrexate 27 (9.38) 21 (23.86) <001
Oral corticosteroids 106 (36.81) 42 (47.73) 0.07
IV corticosteroids 89 (30.90) 35 (39.77) 0.12
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Table 1 continued

Azathioprine users Cyclosporine users r
(n = 288) (n = 88)
Dose"/day, mean (SD) 81.47 (64.67) 76.78 (48.86) 0.67

8D standard deviation, IIM idiopathic inflammatory myopathies, I/ intravenous
*Comorbidities and previous medication use were evaluated for 12 months prior to the study of immunosuppressants
bPrednisolonf:—f:quivalf:nt dose of glucocorticoids per day was assessed during the first month from the index date

heterogeneous [S5]. Furthermore, among 14
original CPGs identified, only half of them were
evidence-based [5]. With IIM being a rare dis-
ease associated with clinical heterogeneity [17],
evidence on treatment strategy for the man-
agement of patients with IIM has been lacking.
In general, corticosteroids are conventionally
used to induce remission in adult patients [7].
However, concomitant use of steroid-sparing
immunosuppressive agents with low-dose cor-
ticosteroids might be sufficient to achieve
remission induction [23]. MTX, AZA, or CsA are
recommended as first-line immunosuppressive
agents [7].

In the present study, based on evaluation of
comparative effectiveness of AZA and CsA as
initial immunosuppressants in patients with
incident IIM, no difference was observed
between the two treatments with respect to
frequency of switching the drug or adding other
immunosuppressants, and the rate of discon-
tinuation of corticosteroids. MTX, which is one
of the major immunosuppressive agents of
choice to treat patients with IIM, was not
included in our study because it is frequently
used as a combination therapy when patients
are refractory to corticosteroid therapy [24].
Nevertheless, MTX is considered as a potential
immunosuppressant in the treatment of IIM
[25]. Several retrospective studies have demon-
strated its effectiveness against DM, PM, and
JDM [26, 27]; in addition, RCTs have shown
that MTX has similar efficacy to AZA [28] and
CsA [29]. However, some guidelines recom-
mend MTX for juvenile myositis only [30, 31],
and due to the lack of clinical trials supporting
the use of MTX in adult myositis, many patients
are treated with MTX as combination therapy.
In the present study, 12.8% of the study

population was prescribed MTX concomitantly
at the index date, and we adjusted for it. In
addition, we did not include MMF as a study
drug because the use of MMF for IIM treatment
was not eligible for national health insurance
coverage in Korea. MMF users in the database
might indicate off-label use or treatment for
other comorbid autoimmune diseases such as
lupus.

Defining the effectiveness of the study drugs
in IIM treatment using health insurance claim
database is difficult; however, corticosteroid-
sparing effect is a major finding defining the
effectiveness of immunosuppressants such as
AZA or CsA. A previous study based on com-
parative effectiveness of anti-tumor necrosis
factor (TNF) agents in ulcerative colitis using a
claim database adopted any corticosteroid pre-
scription after initiation of the study drug as an
effectiveness outcome [32]. However, the pat-
tern of corticosteroid use in patients with IIM is
diverse. Despite being the most important drug
for the treatment of patients with IIM [235],
some patients may not use corticosteroids dur-
ing initial treatment with immunosuppressants.
Therefore, we only estimated the rate of dis-
continuation of corticosteroid therapy com-
bined with the study drugs as secondary
outcomes in the subgroup treated with corti-
costeroids at baseline.

The strength of this study lies in its large
population-based cohort design. To the best of
our knowledge, this is the first study based on
comparative effectiveness of AZA and CsA as
initial treatment in patients with IIM. To date,
physicians prescribe eminence-based medicine
for the treatment of patients with IIM because
there are no standard guidelines that cover the
entire clinical and pathological spectra of IIM.
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In addition, the rarity of IIM makes it chal-
lenging to initiate studies including large pop-
ulation to evaluate the effectiveness of
treatment. Therefore, we believe that this com-
parative effectiveness study, which is based on
real-world data, would provide evidence for the
selection of initial immunosuppressive therapy.

This study had several limitations. First, we
defined patients with IIM wusing diagnostic
codes without any information about clinical
symptoms and autoantibodies. However, we
used not only the ICD-10 code but also the ICBP
registration code for myositis meeting the
diagnostic criteria proposed by Bohan and
Peter. Second, potential residual confounding
by unmeasured [IM severity may have affected
our results because information on laboratory,
histological, or radiological findings was not
recorded in the database. We could not perform
propensity score-based analysis to address
potential selection bias in this study because
obtaining propensity scores with adequate bal-
ance between the two groups was not applica-
ble. Third, we were not unable to assess
improvement of clinical symptoms, such as
muscle power or skin rash, due to lack of
information. However, we set the primary out-
comes as switching the drug or adding
immunosuppressants, which might have
reflected the refractory disease or intolerance to
prior treatment. Fourth, we could not perform a
subgroup analysis based on autoantibody pro-
file, due to the absence of information on lab-
oratory results in the database. Patients with
IIM can be categorized into homogenous groups
based on autoantibodies, which may predict
treatment outcomes [33]. Moreover, we were
not able to perform subgroup analyses accord-
ing to DM and PM because of the small sample
size of each disease.

CONCLUSIONS

In conclusion, no significant difference was
observed in the effectiveness of AZA and CsA as
initial treatments for IIM. Further studies using
prospective study design are necessary to
develop treatment guidelines for the manage-
ment of [IM.
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